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Abstract 
According to the survey about 50% of human deaths occurred due to road 
accidents among which some of the extreme accidents happened in tunnels. 
Norway is well known for its highest road tunnels length with nearly 900 
road tunnels on both national and country side. The department of 
Norwegian Public Roads Administration has therefore decided to do a 
research study on different traffic accidents based upon police reported 
accidents. This thesis focus on an important aspect of the tunnel safety by 
developing model of road tunnels with modular petri nets to explore the 
traffic capabilities. A novel control and sensor scheme has been implemented 
with the Petri net model to insure safe, control and secure traffic in road 
tunnels. GPenSIM is a Petri net based simulator tool that offers significant 
benefits to model structures. The purpose of the proposed work is to provide 
a cost effective measures to improved tunnel traffic security. The proposed 
work has been analyzed, evaluated and presented in a structured way. Future 
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To complete this dissertation the data has been collected through different 
sources. which include the interviews of the tunnel operators in different 
countries, through PIARC reports and available publications, articles and 
books.Fig1  
Chapter 1 of the dissertation explains about the Literature study on the 
tunnels, different parameters involved in road traffic and the alarming 
threats.  
Chapter 2 represents the classification of the tunnels into a few generic 
cases. The section is further defined with parameters involved in road tunnels 
such as types of vehicles, roadway parameter including number of lanes, 
length, emergency exits, nodes, etc. and  traffic parameters with flow rate 
and speed. 
Chapter 3 represents the mathematical model of the tunnels by using 
modular Petri net.  
Chapter 4 Where the final results of the simulation of road tunnels using 
data from different road authorities is presented in this chapter. The results 
are compared with the previous studies based on the cost effectiveness for 
tunnels in Norway. Lastly  
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Developing Models of Road Tunnels with Petri Nets 
 
Abstract 
    According to the survey about 50% of human deaths occurred due to road accidents among 
which some of the extreme accidents happened in tunnels. Norway is well known for its highest 
road tunnels length with nearly 900 road tunnels on both national and country side. The 
department of Norwegian Public Roads Administration has therefore decided to do a research 
study on different traffic accidents based upon police reported accidents. This thesis focus on an 
important aspect of the tunnel safety by developing model of road tunnels with modular petri 
nets to explore the traffic capabilities. A novel control and sensor scheme has been implemented 
with the Petri net model to insure safe, control and secure traffic in road tunnels. GPenSIM is a 
Petri net based simulator tool that offers significant benefits to model structures. The purpose of 
the proposed work is to provide a cost effective measures to improved tunnel traffic security. The 
proposed work has been analyzed, evaluated and presented in a structured way. Future research 
directions are also discussed in the end.
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Human life is the most important thing in this entire world which cannot be ignored 
when the loss happens in traffic accidents. According to the survey about 50% of 
human deaths occurred due to road accidents among which some of the extreme 
accidents happened in tunnels. It is mentioned in the handbook of tunnels fire safety 
(Beard and Carvel, 2005) (Beard, A., Carvel, C., January 1, 2005. The Handbook of 
Tunnel Fire Safety. Thomas 
Telford Publishing, London)  that over 90% of fire cases in tunnels are due to vehicle 
crashes. The average age of the tunnels in Norway is more than 35years. Tunnels is a 
very complex topic when it comes in the manufacturing, safety and maintenance of it. 
Tunnels are built according to the type, width, length, type of traffic and technique 
involved in its manufacturing. due to the closed structure of the tunnels the chances of 
collision of vehicles with other vehicles and the infrastructure of the tunnel itself is 
more severe and deadly, which makes them difficult to design fire safety in road 
tunnels. For example, in the Mont Blanc Tunnel from france to Italy in 1999, about 39 
people lost their lives in fire tragedy and another disaster that happened in Tauern 
Tunnel Austria, took the lives of 12 people(PIARC, 2008). PIARC Technical 
Committee C3.3 Road Tunnel Operation, 2008. Risk Analysis for Road Tunnels, May 
2008, http://publications.piarc.org/ ressources/publications files/4/2234,TM2008R02-
WEB.pdf, accessed 19 May 2011. more over the structure of the tunnels also plays its 
contribution in the cause of collision. For drivers whether motorists or vehicle drivers, 
tunnels give a feeling of unease while entering into the darkness inside a tunnel. The 
black hole effect due to the changing light on entering the tunnel and other reasons 
acts as a cherry on top of these accidents. Sub-sea tunnels with sharp vertical curves 
be likely to increase the feeling of unease. These accidents have forced human to 
scratch their head to find ways to increase road tunnel safety. However through 
